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A.. .RELATIVE INTENSITY 

(57) Abstract: A phosphor for converting ultraviolet light or blue light emitted from a light-emitting element into a visible white 
radiation having a high color rendering, containing a light-emitting component prepared from a solid system of an alkaline earth 
antimonate and a system derived from the solid system and exhibiting intrinsic photoemission, such as a fluoroantimonate, a light- 
emitting component prepared from a manganese(IV)-activated antimonate, a litanate, silicate-germanate, and an aluminate, a light- 
emitting component prepared from a europium-activated silicate-germanate or from a system containing a sensitizer selected from a 
group consisting of europium (II) and manganese (II) as a secondary activator and having an orange color or a dark red color in the 
spectrum range over 600 nm, or a light-emitting component composed of a mixture of eight or less light-emitting components having 
different light-emission bands and brought to a state of continuous emission of about 380 to 780 nm exhibiting a color temperature of 
about 10,000 to 6,500 K and a color temperature of about 3,000 to 2,000 K by virtue of the superposition of the light-emitting bands. 



wo 2004/056940 Al lllllliiiililillllMllllilii 



(84) Jg^Sl (iHm): ARIPO (BW, GH, GM, KB, I.S, ^#^BB»S: 

MW, MZ, SD, SL, SZ,TZ, UG, ZM, ZW), ^'>T*# — BRtSHS^fttf 

it (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — P / < 
♦#St (AT, BE, BG, CH, CY, CZ, DK, EE, ES, Fl, PR, GB, 

GR, HU, IE, IT, LU, MC, ML, PT, RO, SE, SI, SK, TR), 2 it^a— K3il^ffia)IISiSI--3L^T li, ^)Wf6fl$^-5 

OAPI (BF, BJ, CF, CG, CI, CM, OA, GN, GQ, GW, ^PCTHM "J h ©ftlHICfttS * iXX -S T :] — K t Ktl 

ML, MR, NE, SN, TD, TG). OI);tf f VX^ — h J $#figo 



(57) 

hif^^ ^ tiitm^f^'^^ . xuMn (IV) Hmr lyf-^ ^ ^ 

xi-iE uHm-y ^ mm. - ^ /i--^ ^ ^ j^mmm I. < i^e u (id 

Rxj^ -^Hmm t L-x (DMn ai) h -^s: ^ m h m \^ n tcm mm ^ ^ 

X X) . Jfi^J 10000K~ 6500K<7) -feta^ Ji. t^JjS!^ 3000K~ 2000K<D MS * 

M i- s o 



wo 2004/056940 



PCT/JP2003/0 1 6380 



1 
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5 *|±iSI«, H-f !y#|^fflm#-^ (DE 1 0 2 5 9 9 4 6. 7) fC»::JViT43D> 
15 H^g^^ 

:J|eH#|^||5 9 9 8 9 2 5 mSLlS^m^ffm 6 4 0 9 9 3 8^\t. m^mytmm 

fj:^-fefifei)'*^fci:Vi3:<i;tCJ:§t)<DT2bSo 5 0 0 0 K^^cDfeM^^^-T^afe^fe 
DE10026435A1«. YAG^^^#:?g-^#IfC^fe^^^^i: bTlUflt 

DE10026435A1 MmzWO 00/33389 RZSWO 0 0/3 3 3 9 
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*H#|^m6 0 8 4 2 5 0-^«. —^(Dm^i^m-^ 
;t U A V -^7 y ;V 5 ^tj:^ #-fe^7t^7te#: BAM(^ft&tC. ^{CSS 

ib#jx«Eu (III) nmm^mMm%yt^^mm^nx\^^^. 

10 istfi^^,h, •^i^\z}tm^m^m^ii^m^vx\^^^o 

z.n^(D±x<Di^^mmiz\-i. ^u}d^m:BLis-^<^iz-mf3:mm7b-^^<^mx$> 

m^^!^^^:Si.ZSm(Dmyt!^»:^m^Vf3:^^(DX. -&Vi1?Vi8 9~9 OCO^tfiti^R 
ahtm^Z.h-/)^l:^f3i\^^t\^^3X}^.^^^^o RGBMaS:tK*lj6 1 0nm~6 2 

15 5 nm<Dmmxmmm.^m'r^m^Bu hid Hmm-^m^^m^^^ii. v^-r 
ni}^(D^r)^\^>m^^^^^t^^tummii\^x^-^mxm^o ^tc. m^mm 
ytmt. !ii'mji&m^^^^^hx:^^-r. ^(DXof3:^mi^mm(D^mmM 

:^mm(Dmm-i. ^n^(D±x(DXj^.^\^.^v. 300 nm~5 0 0 nmxmyt 
20 ^^-r-'Amyt^miz^^^xm^^Rz:^n^nmm^&^^\z^mir^^^t. vxm 

idfes. m^mt. m^mz:^i^x^f^.xu&my>-:^yt\ZT&uvx\^>^^^±^ 
vu^-^mtu^T. 9 om(Dm^mw:Rai(DCRimm\z^^m^i &i!)m^nts: 

25 MfC, :*:%§e©afigti, 3 0 0 nm~5 0 0 nmTr^^^^T— ^^%^|g3StC*3 
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2. ^n^<D^yt^^mi^>xmmi^. msso^? so nnKDm^ytmrn^m^^ 

^D, *fe-afi^*-r^*^l 0 0 0 0K~S^fe^W-r^6 S O OKCD^^a^jSt 
Um&^^mT^mS 0 0 0K©feM^~^fe/i)^^d^ofe5^fi(Di$^:?^^fe:£:#-r^2 
10 0 0 0 K(^-feiaS©X^i7 h;i/^^^L, ^^|WIB#(3?||fi I a S:«ijtTS. 

( I V) 3^«5^^> ( I V) xnm^nr^im^T.^^ h)mm.mm^i$-x^^. 

15 Eu (I I) 3&^e>75:§P;*^&jlJ^$n;^cii^^JS.D^'z::;^#ffi^jibTMn (I 

I) ^mmvr^imiz^Kfn^ti^o 
x^^-r^myti^mizit : 

T;i';^U±^^MT>5^^>M*i. Mn (IV) iCcfc D#^$n;^^^#:J^CJCE 

25 XSi-^n^o ;i0^fC:feViT, 

Me 41, (Ca) , Xhti>^^A (Sr) , nUr>A (Ba) . ?!3 

H^-^A (Cd) . (Zn) . ^UU'^A (Be) , ^^^i^^h. (Mg) . 
:x-Df':7A (Eu) , -^y-ny (Mn) . x;^j>>^i>a (Sc) . -r^^^hU'^A 

(Y) . ^y^y (La) , itTU'^A (Sm) , y^-fe?r>?A (Pr) . i/X:/ 
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nv-^A (Dy) . 7^;nf':7A (Tb) f}^^^^m7b^^m^^nrc-m&L±(D7tim 

Me"«, V^OA (Li) , :hhUr>A (Na) , ^V^J^ (K) , JV\fi^^ 
A (Rb) , -feS>r>A (Cs) ;6^6;^^S:«)^e3l*^$nfc-aii;l±©7nmif2bt3. 
5 X :7y^ (F) . mm (C 1) , (Br) ib^i^fji^m-^^m 

X (/h:s:^) =o~8T3bD> 

y = 0~4TabD. 
0<a<l 6T?abO. 
10 0<b<64'r2b0, 

0 ^ c ^ 4 Tab 0 . 

lkZS7>^^> (Sb) /{>^ A:^>'t>A (V) . (Nb) . ^S'>i$7;i/ (t 

a) , U> (P) . (As) . 5^^> (Ti) , (Zr) , /\y 

(H f ) . ^-rm (S i ) , ^^-^n^^A (Ge) . ^U:/7^> (Mo) , 
15 ^y^T.'ry (W) gB4i-J&^'Silt3oTViT'fe^Vio 

2) T>5^^>m:^:R.CK:7;i/::^-nT>5^^>mm}^, ^ 1 0 0 nm~ 1 5 0 nm(D 
¥]^i|iS1?^6 0 0 nm-'6 7 0 nm®IS:^^Wt"'55^feX^i^ h;i/MJ!^}c::feViTJ[& 

2^%ajfc<±;n^i. m'9t^t.\^'X(Dy y^^ymm:SLny )v-^ur y^^yWimt. 

20 CaSb20 6> 

Ca2Sb207» 
(C a, S r) S bgOe^ 
(C a, S r , B a) bgOy. 

C a 2 S b F, 
25 C ai. sMgo. sS baOeF, 

CaaSbgOgFo. 1 0. 5-» 

C ai, sMgo. 2S bgOy, 

^^1. 95L io. iSb207-, 

Cag (S b i_ 9 5 P Q 05) 
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Ca2Sbi 98^ ^0. 02^7^ 




C a 1. 95S To. 05 S b 1. ggNb 


0. 0 2 0 7 * 


^^1. ^0. 02Sbi 98^ i 


0. 0 2 0 7^ 


^^1. 98^0. 02^t)i 98^^0, 


0207'* 


C a 1. ggMgo. 04 L i 0, 01 S b 


1 . 9 9 T i 


M S h 0 




Mg S b aOg. 




S r 1 9 Z n 0. 1 S b 2O7. 




C^l. QsEUo. 04Sb2O7> 




^^0. 97EUQ 03Sb2O6 









3) 2^^Bjfcj;nji. mnyi\tn^myt^mt?)Ti^m^^^mf^-^m^^nmm\z 

^m-r^(Dizmmfsim^mx-^>is> (iv) -cHmvrc7>^^>m.M^h^ts, 

^tli^O^m^mt. ^t) 600 — 700 nm(Dm^^X^^ h;i/M*ic(C^ViT^^^ 
15 ^^■t^\ X\tm6 5 0 ~6 6 0 nm(Z)^Vi«jfi{b^^^^-ro 

C a S baOe : 0. 0 IMn. 
MggS b207 : 0. 0 IMn, 
Mgi. sL i 0. 4S baOg : 0. OlMn. 
20 Mgi. gL i 0. 4S bgOg : 0. OlMn. 
(Ca, Sr) SbzOyiO. OlMn, 
C agS bgOgF : 0. 0 IMn. 
Ca2 (Sbi. ggS i 0. 02) O7 : 0. OlMn, 
(Ca, Sr) S b 1. gsGe 0. 02O7 : 0. OlMn 
25 T'^^o 

v>;^f> (IV) n^=^^>mmf}^i^^^i^mm(Dmytmt. -m^ 
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^i^J, MeUi. Ca^ Sr> Ba> Eu> Be. M gSi^Z n:!5^?>:^-g)P/6^^M 

5 Me ''it. r}vtiu^m-d^^f3:^mf)^^Mi3i-^nr;i-'m&.±(Dim(Dti'^^>'e 

10 0^m^4TabO. 
O^a^ ITTfeO, 
0<z^0. 5T^-5o 

Mntt. 2~4cDilT{ffiT^&^tcM^3iSnTVi^^>:^f>-eafeSc 
^^^J'^ti. Zr, Hf, Si, Ge ^^i-d^^a^tD-^TViTJ; 
15 <^"3— gB:$)-*tB (3}Nr>m) , Al {7JV5.Zi^M.) . Ga (:^;U'^A) , In 
(-1'>>"^A) , P, Nb, Ta, V{CJ;DSm*^oTViTJ;<, c:<Z)«-&, 

T>;^/> (IV) Hf^^^>mm^^f3i^^mum^mt: 

20 Mg2Ti04, 

Mg Z nT i O4, 

Mgi. gL i 0. 4T i O4, 

MgB e T i O4, 

C aMgT i O4, 
25 S r 1. sL i 0. 2T i O4, 

MgaT i 1. 98 Z r 0. 02O4, 

MgZnT i 0. ggS i 0. 02O4 
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5) :^mm\z^n\t. m^xitw^myt^mi^T^m-^^^mT^'^m^^mm 

Me \Me ^ ^yGe i.^O^X^ : Mn^ 

n ^ > ^ - F :t > T 35 0 , 

0<x^2 8-^250, 
O^y^ 1 4T^^D^ 
15 0^m^2 OTafeO, 
0^a<l-efeD, 

o<z^4 8-ea&§o 

Ge«, Si. Zr. T i {;:J; D^^fcXtt-gP^T&^'Smt^oTViTJ; < 
«— g|5:$i-:05B, AK Ga. P. V, Nb. Ta, W> M o {Ccfc D Sm^-^TViT 

20 S:Vi, 

C agS i 0. gGe 0. 1O4 : 0. 0 0 5Mn. 
MgaS i 0. 5G e 0. 5O4 : 0. 0 0 5Mn, 
C a S r S i 0. I G e 0. 9O4 : 0. OOSMn. 
25 MgZnSiO4:0. OOSMn. 
MgS i O3 : 0. 0 0 5Mn, 
C aMg S i 0 ssGe 0. 05O4 : 0. 0 0 3Mn, 
MgzsGe 9. 45S i 0. 55O48 : 0. 0 0 5Mn> 
MgasGe gS i O48 : 0 . 0 0 5Mn, 
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MgaaGe^. 2S i 0. sOssFio 0. 0 0 3Mn. 
Mg24Zn4Ge 6. sS i OggFio : 0. 0 0 5Mn 

Cao. fiS r 1. gBao. oeZno. 02S i 0. sGeo. 1O4 : 0. 0 2Eu, 
10 Cao. eS ri. jBao. iZno. osS io. gsGCo. 05O4 : 0. 02Eu. 

C ao. 61S r 1. 3B ao. 04^60. 0 1 Z n 0. 0 1 S i 0. 97G e „ 3O4 : 0 . 0 3 
E u. 

Cao. sSro. iiBao. o4Beo. oiL Iq. iS io. 99^60. 0104: 0. 03E 

15 C ai. oS r 0. 95Z no. 02S i 0. gsGe 0. 05O4 : 0- 03Eu. 

G a 0. 9 S r 0. 9 B ao. osMgo. 05Z no. osGe 0. 45 S 1 „. 5SO4 : 0. 0 2 E 

Cai. oS To. yBao. iMgo. o/Zno. iGcq. 7S i 0. 3O4 : 0. 0 3Eu. 
Cao. esSr^. zsBao. oaLio. o4Geo. gSio. 2O4: 0. 03Eu> 
20 C ai. 2S r 0. 7B ao. 03B e 0. osGe 0. 05S i 0. 99O4 : 0. 02Eu 

25 Me '„Me ' 1 : Mn 

(II) n^T}v^>mm.-h^^n^o 



wo 2004/056940 



PCT/JP2003/016380 



ir/^XttEu, Pr, Sm. Gd. Dy, C e^-^>E>f3:^m-A^^M^^nr^-m&.± 
© ^ > ^ F :t > T & ^ o 
Me ' ^ti, ~m&.±<D—m<D:fy^^>X-^^o 

5 o^x^8-ea50. 

0<m^ 1 6T$)D. 
0<n^2 T-ra&Ds 
0<z^0. Strab'So 

10 A 1 it. B:si.umtG a \z^K>^±\zxu-~m6^^mmt^'z>x\^^xjz<Rn/y, 

U—^^-fyiP. V. Nb, Ta. Si, Ge, W, M o D S^tJoTViT^V^o 

Mg A 1 204, 
C aA 1 i2C)i9> 
15 SrAliaO^g, 
MgA 1 laOig, 
B e A 1 laOigs 
S r A 1 2O4, 
S r 0. sMgo. 5A 1 2O4, 

20 Sr4Ali402s^ 
MggA 1 ioOi7> 
S r MgA 1 10O17, 
S r zMg A 1 i6027> 

2SrO-3Al 20 3, BaO-4Al ^RlSUg G a 2O ^ 
25 X$>^o 

t^m^i^^^^n^o ^<D:i-u\f^A--^>:ff>-mnmmytmzi5\,^x. -)k 
m%(o^^-&mm\z^n^mm<D%%^jL\t,=^B)v^'-h\.xn^--^.^x±\^^ 
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(II) -i-tycom^^. mymffi-^yi^y (in (D^p-ts.< t^—'DCD 

5 T#^$n, -^^Me^^Me^'y (B. Si, P) ^0„X^:Eu, MnT^^tl 

(D7tMWXS\z/y,\XB\i. Pr. Sm, Gd. Dy. C eff^ibU^Uti^hWSi'^n 

10 Me 'Hi, — ajE>^±©— >-C2b-&o 
X(i. C K F, B rT^-Sc 
O^x^ 1 0Ta5 0> 
O^y^ 1 2-e^D> 

15 O^m^ 1 6-I?feO, 
0<n^2 

BJi. P, Si, Ga, A ncJ;D^^lCX«-gU^7&^'Mm^oTViT<i:<> S 
tc~^^ffi^r. Nb, Ta, Ge, W:SlD?M o (:ict D g^tDoTV^T^Vio 

20 S r B a P2O7 : E u, Mn, 

S r2Pi. 68^0. 32O7. 84 '• Eu, Mn, 

S r 4S i gOgC 1 4 : E u, Mn, 

BagMg (Si, P, Ge) gOstEu, Mn, 

(Sr, Ba) AlaSigOgrEu, Mn, 
25 Srio (PO4) 6Cl2:Eu, Mn, 

(Ba. Ca, Mg) 10 (PO4) eClgiEu, Mn, 
Cas (PO4) gCaClaiEu, Mn, 

Bai. gSro.ysCao. rsMSo. gZno. iSi^. gGeo. lOgiEu, Mn, 
B aa. sMg S i 1. sGeo. 2O8 '• Eu, Mn, 
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S r jZ n S i 1. gG e 0. 4O7 : E u, Mn> 
BagZno. sMgo, 5^61. io. gOy : Eu, Mn, 
B a gMg S i 0. 5G e 0. sOa : E u. Mn. 
B a Z r O3 : E u, Mn. 
5 B aaPgOg : Eu, Mn. 

a — CaaPaOr-Eu, Mn, 
B a 5 C a 3 S i 40 1 6 : E u, Mn, 
B ajS i O5 : E u, Mn 
Tib -So 

t%x^. ^Tz. ±m^mjSLrsmM:(Dmm. ^Mmmj&rj^mmm^mz^i^^x. m. 

(B) :$imm(D^(Dmmiz^y). 

i.ET>m^f)^^nm-^n^mz&^\,^x $ nxmrnyt^mmt ^ myti^ 
xu'7>:»> (IV) Hm7>^^>mm. ^^>mM. <r-imm.-y)v^ 

®?^-y;VT->i7Am:^^b<ttEu (II) RZS~:kii[mmtVX(DMn (I 

25 I) -A^^t^^n^^^Mitntzmi^M^^miyK-DG 0 0 nm^m^^x^i^ h)vm 

(C) *fl§«0{to{l!l®tcJ:D> 
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5 y}i'-tur>^^>mm-^^m^-^nrzmytm^. x\-^-^>:»> (iv) 

<i^Eu (II) S.D?:ii^^{«^J<i:bTOMn (II) d^e.;*'j:^f^3?>^e»M«nfeti 
(D) 2^^0J(7)ffi(D#MtCj;O, 

20 <HEu (I I) ikn=z'AHmMiiiyX(DMn (II) -fy^^ysi^m-^^^Mi^nrzm 
mn^^mvK^e 0 0 nmSjS;^^:^^^/ hjvm.mxm'^, m.^^-m^^. 

MtBM«gp*^bT»t$n§5fei:i»o'viTM0j$n^WB>ggBt^#-r^ 

^2 0^^, h°DT>5"*>^;^j;i/>'r>AB3fe#:®^^7;^i^ h;i/ir$.'g>„ 
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m3|ll«. Mgi. sL i 0. 4S bgOe : 0. 0 IMn (IV) ^^#:(D^^7>^i57 

m4m\t. ^^ym-^^^-zy^A :Un (IV) ^^#:<z)^^x^i? h;wira&^„ 

II5I^«, Cao. eS r 1. aBao. iZno. oeS i 0. 9sGeo. 05O4 : 0. 02 

(feia;K9 7 0 0K, Ra = 9 8) "rfe^o 

UVA^^-^^^^t®m^-&*3i3:{3:felt-5^^^^-&#i0^^X^ 
^h)V (-fe?a^6 5 0 0K. Ra=9 9) T^^o 

(fiM^5 4 0 0K. Ra = 9 9) ^35^, 

b;i. (feia^4 100 K. Ra=99) T'2b-5o 

mi OHfi. UVA^^lfi-^^cM^tCDm^-^tD-BrfC^fefrt^^^^^g-^J^W^TtT. 
15 ^^^7 (fiMS2 8 7 OK, R a = 9 9) Ta^-So 

mi 10«. UVA^^-:;^gmt©fflL*-&:b-&Jc:fefrt^^7^#:?g'&i^<>D^7t7> 

hJV (fe?aS2 250 K, Ra = 99) 
mi2|gl«, »e^7^LED<h, -fe^a^eSOOK, R a = 9 5-rcb^2^^BJ(C 

•So 

mi6^«, m2(Dmm(Dmm\z^^myt^m^^h. (a) nwMia, 

25 (b) tiLEDm^<^gP:«-i£;^El-eab<5o 

mi 8ig«, m4(7)^M©j^^{C'^s^3^^B^^-rf^MEiTa&^o 
m2 os«. me^nM^j^^jc^sB^^g^^T^fB^T-fe-So 
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^T> i^EDx\t.m(D-'Am^^m\z^\^^rmm^zfw^ikmm.^-mm.^^^^ 

t;i/;*7 'j ±m^m7 >^=e >mm. 
10 y)vti^)±m^mT>^'E>mm.\t. m^mizjzy)^mm^ts^^m^r^mim. 

1 mmf}^'mvrzm. i^m\:^mi^^ 1200 "ct s mm-^^m-r^ ;i <t j:: d 43 Jifj: 

20 S b204 + C a CO3+ 1/202-^C a S bgOe + COj 

±m^}its^iz^^mm^)Vzy02^<Dm^-i^\z-r^^m-i. m^ki^yx. hot 

25 ^-©^^^^9 7 5X:xmmiy. m=l(D7bm^l 1 7 5 'CT||MT'5>JiA^«, I^I 
2Sb204+3CaC03 + CaF2+l/202-^2Ca2Sb206F + 3C02 
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TT^^^mihV. y)v-:^ury=^=^yWts)V-^^KU. aia (jecsii 

0 (1 9 6 3) 1 0 4 8 t-i^bfc^?^bfcA-rni^nT^t3g^WT^o 

'^^•^nrcj'>^^ymmmsy)v^ur>^=^>im\x. ^-^mmi o o nm 
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m■i^m^mm^A■^^t^z.^\z^'DX^]^•^nrcl.EDm'?6^m\^^^^h%x'^ 

§0 ^fc. Si. SIC. A 1 GaN#(Z)|^|^^;0^e.;^^S^^fflVifeLEDm^ 6 



wo 2004/056940 



PCT/JP2003/016380 



30 

mi 6m (a) {d^T^-StCLED^^l 1 tAuA'>:^l 2A:feJ:tJfl 2 B^:^ 

7.hi4ii. 3 Lu^ ^^if\-vxmm.mz^m-^n^^j - ]^ i 5 

10 B i:. U - H 1 5 A\zmn ^n^m^i^^^ 1 5 C t\ ^^iR^^fP 1 5 c e> 
nT«#^^Wbfe^^M® 15b t^^T^o 

LED^^i 1^1. ^160 (b) \z^-rj;:o\zytmmii^m-r^'\)-y7^yM 

mi 1 Ot. A 1 NA>:/-7rMl llh. n^GaN^7^>y FH 1 1 2 i:> 3 MO 

I nGaN^^mh2m<DGaNmmmt^^mzmm\^xm^-^n^MQwi i 

15 Si, pMGaNi?'^-/ Fill 1 4 pMG aNn>^ hM 1 1 5 :XLy^ 
>^\Z^-oXpmGaNzi>^^ hmi 1 5. pMGaNi^^>;/ 1 4, MQ 
Wl 1 3, S.tKnMGaNi^^-/ KJl 1 1 2(D— gR^I^^-r^il tf^cfcD^aibifc 
nMGaNi?'^^:/ Fii 1 1 2 (Cj^fig^n^ nMm@ 1 1 6 pMG aNuy^^ 

hmi 1 5±\zmi^-^ti^pmnmi 1 1 ii^mv. «MJ:^^':^7>yy^i 5 a(Dm 
20 nm\zmM-^n^^o\z^y''^o>vm stcia^^nTv^^o 

+h>^-7'^7>hgpi 3«. meia (b) \z^'t^^\znm^mwmi3 4:(D^m 
\zwo<-y^n^nmmMi 3 0 i:> nM^^^s 1 3 A(o—mzwtvy^n^v>m.^m 

Wmi^lL. pM¥##:® 1 3 l±{Clgtten^pffliMffil 3 2i:. nM¥S#: 
® 1 3 4®/S®#i. -r^j::b-^, 5 a t©^^#J{ClStt ^tl^ n#M® 1 

25 3 3 i^#b. n{|im® 1 3 0«Au;t>y 1 2 A^^bTLED^^l l®pM 
«M1 1 7 tSM^nXVi^o ^^c, p#J«Ml 3 2«AuA>7'l 2B^^bT 

LED^T 1 1 (Dn#J««il 1 6\zmm^n^t.ii%\zKf^'^7iimwt^nx\^^^o 
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5 5 c ClAg^-T. M 4Sm^-r^o KgP 1 3 ^Ag^-X 

M 4T;^7^y >^lf|51 5 al^IdH^-rSo ^(3. AuA*>y 1 2 A:feJ;Ufl 2 B^^ 
bTLED^^l 1 ^W^S^^'&^fT-^TLEDJ^Tl 1 ^-y-yT'^> h 

ui 2\z^^-T^. '-k\z. pM«i 3 2 <hu-H 1 5 Bi^y-ri--e«^Wf^^ 

^T-So ^{C. LED^Tl l*3=ktK+)-7'V'j7>hgPl 3^a^J;3lCtJih^J!g8 
10 5 af:i^iAbT$t±T§o 

^©J:-5(;ibT;^7-/:/gpi 5 a7$>«i«f±$n;'bU-H 1 5 A43J:a?l 5 B(;:^b, 

fefihWJii 1 0 ^m^mmz=e-}v ft^o 

m^\Zl]W7LXUQi^ 1 1 3CD^^{cSo'<7t^tJ-:7T-1'T»Mi/&^e,»i-$ii:-g)C 
(m3(D^M(^?P^) 

^1 imn^. -^mn(D^z(DmMo:)wm\z^:^mtHMm.^7Fctmmm'T:^^o 
20 ^(D^^^g 1 tt. fis#?^Jbt(Z)$irihtrjie i o ©«Mt;iig i^^wm2 <Dmm<Dm 

1 8 ^Wtnx^ 0 , rT^BU 1 5 a <&i>r±t--5Mlfc#i!i 8 9 

±mvrcim3(Dmm(ommo)mytmmiiz^^ii. mii^^zsm2(Dmm(Dmm 

robs mmL'r:im^W(Dytmmz^^ir\^^MLm^m(Di&T^m±T^^o ^0:1 1 
\zj^-Dxm±mm 1 0 (D^mizmmsk<mi!}^tirzyt^myti^m 1 8T^fes^mbT 
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^om^mm i it. ^m^mmom-at^mmmytrnm i o , l e d^t 1 1 
2(D^^xzy—h^mmvxi}mii!Lm^noz.h{z^K)^ii5^nm2(D^^x>' 

*#:2 Ott. F*3§B(r^SStffi 1 5 b^Wb, LED^^l nb^^mM^tlfz^^ 

15 ifes^ifeifg 1 9 (Dz^^iz^m-r^yt^mm i s b ^^u, ^rni^t® ii^g^:^^^^ i 

•fe^a ^yi:7^;K2 1 tt, *®t::LED^^l 1 ^Au;t>y 1 2 A^cttKl 2 B 
^^bT^-g-r§fc66(Dil?gA°^S^->Tfe^iH^^2 lA^3ct0^^2 IB^^b. BB 
20 ^iS2 lA:i3j:U^2 1 B Hir^S tJ?^^ 2 KDMn^^VXi^^m^tCD^^m 

^ § S © f c T n T V i -5 o 
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m 5 (Dmmomm) 

^(D%^mmi\t. yVy':f^y':fm (0. 3X0. 3mm) (DLED^^ll 

r>>hg|5l 3. U-H:71/-A2 2 A*3j;tJf2 2 B i ^-#:fi*J(c:Sif±-rS<Si!ll^;?f 
^7.:^>&fj:^:W'^X$ifjh^2 3 t^Wb, 1 9 L ED3^^ 1 1 /O^S 

n^<i:it)(CLEDm-?l 1 tm^CDKRi^liiXTgHe^nfe^^^*^ 1 8^*U 
15 Tl^i^o 

^•^-^^yV^X 3 J*, ^®(C^fgfC«fcSia!^S2 lA*5<fcOC2 lB7&t^fiK$n 
A2 2 A:fecttK2 2 B Ic^lt etlS^gP 2 2 a^^^m 2 b 
IC^-g-r^^lifccfc -0X12^112 lA:feJ:UC2 1 BtJ^'U - H 2 2 A^JctX 

2 2 Bf:i«me^(Cig,^$nTVi^o 
20 ?&S^m§i519tt. B4(D^Jfi»?^Si"rUi0Jbfc^i*3j;rJ?^2OD:^^X>'— h 

^^UTVi^So ^}^c. tP^:/U'Xi^fe:l^i^(c::^/5XtifjLhgB2 3^j^^!g-r'5ll3o[):^f^ 
X h ^ijn^MS-r ^ C t J; D U — F :7 1^— A 2 2 A*5 itJ? 2 2 B ^— #:e^fc 
§*±LTVi^o %%W-m\'&\X. :^f^Xcol^MS}cS-:5X^fl^{::{*oTLEDmT 
25 1 1 t(DrBl{::;^^x->-h(DJS$^cf&DfeWPB^^bTBag$n-g>„ 

i8^SbVi^^lCjQx.T. iSftl^mgPl 9;&«)fe^?^J|:^^^bTVi;5fcS?), LED^^ 
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^(Dm^mn 1 m 5 (Dmmmm(D ^j-vy u~a 2 2 A^^y: 2 2 b izi't 

nfeir^^ >y^StK2 1 ^fflViT^feO. iB^®2 4At2 5A. :}3 cfctKBHilIJi 2 4 
10 B<h2 5 Bi^X;i/-i}^-;>2 6Tm^MfcSMbTV^So ^fe, BBISM24A. 
2 4BIC«, Aun>:/1 2 A43cfcaJl 2 BSr^n^LTy U y^'^^^yT'M (IXlm 
m) COLED^^I l:^^*«^W{::i^,^$nTVi§o 
@HliIi2 4A*3i;DC2 4B«, iSS^MSU 1 9 ^^fifet-^;^ ^X*J;0^*gE*$n-g) 

$f fj:g|«'i4tcS-ifViT^S^^g|5 1 9 tSBi^jg 2 4 A*5J;D^^2 4 B (LO^ni'cig^ 

•mm^n^o cod^tccto. 9(^iijai^^^^eirt^^<^)S^s 
m^\z\m~nn^Hvx\^>^o 
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5 ^^#:3 2«. LED^>y3 l;5^e>AM1-S^^ii::ll:3^I^fC^«^t--5;KI*M3 

xmT^imms 2 c t^&wb, 2 B^z^t^^mms s-^mni^nx^^^o 
{fcM4®3 2 ciz\^. m^xitw^m^mmoymzMi^T 3 s 0 nm>6ie> 7 s 

10 ^^ts^ytm^^fsi^myt^m 1 8-fymmmzmf^nx\,^^. 

^a/Wi/3 5«. M^frS^ TFT (Thin Film Transistor) m^M. tl^ 

15 2^^vxm^m3 2c\zmyth. m^m3 2Cizmf^n^myti^mi8xi.E 
D^>:f 3 i(Dnmyt^B'&mzmAmm\^xmMi/^^)i3 s^mj^mm-r^o 

20 m-^it^^z)izvrcr^!5t>. n^^^^^m.hi^x^^fsimmm^^ti^hhhiz. m. 

7^:43. ^ 7 <Z)^J£<^ j^^trtt, LED^>:/3 1 ®J5:M^^HS>f®3 2 AT»i- 

25 'hx^^o mxit. Rmm3 2A\zi^xxmm3 2Bt.unfsiytxmi^m^m^\^. 
#^#:3 2 \zMT^nmyt(D^xm:^^^m^-:^mhtm-'(D:^\^iirji^^5\z'r 

h(D^m\^^^^t%'^mx^^. 
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Mmmiz^mr^rzibiz. ^-fe-^^x^^fex^^ h)vmmiz:^\f^fK^^^x 

^tc. 3 0 0 nm~5 0 0 nrnT^^^^T— ^^^T^g^tCiSViX, U^-^B 

10 m\z:^if^^Kim^>mm(D^^^m-r^^i$i^mmi^rcrcib. m^^m^^^m-r^ 
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^m^-^nrz^ytjic.^. xu-^yisy (iv) i^myy^'Eymm.. ^i^>mm.. 

Dt!'^A{^^y'ri?j^-y^;i/Tzir>AM:^^b<iaEu (in :^zs=-m-imMi: 
bT®Mn (I I) •^^^u^mib^^mitnrcmmMt:mmhR-o6 0 onm^m^ 

1 0 0 0 0 K~M7fefe^^-r § 6 5 0 0 Koy^mmRzsuB^^^t^ms o 
0 0 K(D^u&^mw^^^rzn'&(D^:&yt^^^-t^ 2000 Kco^u&^^-r 

^^380nm~780 nmOmcDJtl^^^mm^m^l^^'r^. SSOTO^^ 

Me',Mei^Sb,ObX, 

20 Me Hi, tl)l>^^J^ (Ca) , Xhu>^^A (Sr) , AU'^/A (Ba) , * 
F^-^^A (Cd) , Mf& (Zn) , '^UU'^/A (Be)\ ^i^^^v^'i'A (Mg) . 
:x— ntf'^A (Eu) . v>:^;> (Mn) , Xt}>z^^A (Sc) , -T^yhU'^A 

(Y) , ^>i5'> (La) . ^-^V^A (Sm) . y^-fe^^fi^A (Pr) , v^X^ 
n>"^A (Dy) , 7^;i/et>A (Tb) ;0^e.;^-§>l¥30^e>MiR$tife— aj&^±©7c^ 
25 0 , 

Me"«, U^'-i^A (Li) , -^h^J^A (Na) . U ':7A (K) , 
A (Rb) . -fe>"i;A (Cs) ;0^e>?^^ffll3&^6ji*?$nfc-ajJ^±(D7n5!lTSD, 
X (i^:^^) \t. y^m (F) , (C 1) . (Br) 
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y= 0~4T^D, 
0<a<16TfeD> 
0<b<6 4T2feO^ 
5 0 ^ c ^ 4 Ta5 r) , 

JScxSry^'ey (sb) A*:h>":7A (v) , -^-^r (Nb) . ^>i^ji^ (t 

a) . U> (P) , km (As) . ^d^> (Ti) , (Zr) . 

^■^A (Hf) , (Si). ^r*;i.'T-'>A (Ge) , ^V:f^> (Mo) . 

10 -^n^m^ m^it. :7;^:t^T>5^^>m^tS"^^"eviT%^Vi) , 

15 3. H#^3fe<£r^LJ.O**j6 0 0 nm~6 7 0 nm(Dii:^<£Wrs#fiX^^7 h;V 

20 4. *?J6 0 0~7 0 0 nm<7)^g|5^-feX^i> b;i/^i^JC:feViT^^^^^-r*\ XJi 
j^650~660 nm(Dm^m7tim^^^Tm^^'^>:ff> ( I V) #i£y>5^ 

25 5. 

Me^Me'^Ti,_,04X^:Mn, 
(^f , 
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Me 45. Ca. Sr. Ba> Eu. Be, M g]5.?^Z n*^ e)a4R$n 

rc—n&.±(D-m(Dti'3^:t>i)\ xi-^mmmmmsm. m^u.sc. y. Lams 

5 

10 O^a^lT^O. 

0<z^0. STabO. 

T i Zr, Hf, Si, Ge{Z^r)^:^iZji.\t—^m^mm.tD'oXh^XJ^< 
R-D~m^i)iB (^^m) . Al (TJVS.-^J^) , Ga C;^^':?^) , I n (-T 
15 >>">A) , P. Nb. Ta, Y\Z^Vmmt>r>X\^^X.i:<. Z-O^m-^. 

T?^$n^-^>^f> (IV) nm^^i^^mm.^^ts^L^wmiiT^. w^cdish 
20 miz^mr^myti^o 

6. -ISiC 
Me '.Me ''yGe i_,0,X„ : Mn^ 

25 Me' mmnm:(D^ 2 3 i^/O^ ^Tmi-^nr:i—m&.±<D-m^i^< w 

Me 'Hi. — ffl£i^±(D— ^®:^75^:t>Ta&D, 
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0<w^0. 5Ta5 0, 

o<x^2 

O^y^ 1 

5 0^a<lT$>0, 
0<z^4 8T*0, 
SLt^Geft. Si, Zr, T i 19 ^^fcX«-gP^:^?«i^:boTV^Ti; < 
Xtt— ^|5^;0^^B, Al, Ga. $e,{C«^fcP. V, Nb, Ta. W. MotCcfcD 

10 -i?^^n§g^fe^^^?>;^;> (IV) #fii'jr-rm:S-<j7*;wv-»>Ammx«^fe- 
m^^yf\^'^>^> (II) ^«<5r-r^ii:-y;vv-t:7Am:^<&^trcit^#^t 

15 7.5 8 8 nm~ 610 nm<DJK^mmyt:^^i7 h;i'^W-r-5^tfe~=ftfe-5^fe^ 

20 8. fs:^mit^i:<Dmm7.\i^-)vmmm^^'r^—^^ 

Me '^Me ' '^A I ^0„ : Mn 
(^ff^> 

Eu, Pr, Sm, Gd, Dy, C e C/cC^ipjJ*^ Sil^^tlfc— S£^_h©^ >iS' 

25 riF-r:t>-r$)D, 
o^x^8-eafeo, 

0^y^4*^2&i3, 
0<m^ 1 6T2feD. 
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0<n^2 7TfeO. 

o<z^o. STa^o, 

—^^■^^F. V. Nb. Ta, Si, Ge, Mo {;ict DMifet)oTViT^Vi) 

5 xm-^n^m^myt^T>:»> dv) im7)v^>mmxitm^m^ii^>^> 

^S'JM©%7t«3?.«~>aJl/^-tLTllfe~#fe-e^C§V>^> (I I) ^:r> 
^ytm^-^>1i> (II) 0^i>J^j:< tt)— 3(D#i{[W;^j:{gi^^^M^^ 

15 mibxm^m^^^mT^-^m&^ikmmiz^mr^myt^o 
10. a.-nk!r>A:gttKv>;^;>T#«$n, -^^^ 

Me^Me'^ (B, SI, P) ^0„X^:Eu, Mn 
MO^^tCXXtiEu, Pr. Sm, Gd. Dy, C e 30^6/^ §1^30^5) SIR ^nfe—^ 

X\t. C K F, B r TabD, 
25 O^x^ 1 OTcbD> 

0<n^2 4T^t), 
O^m^ 1 6T$.D, 
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B\t. P, Si, Ga, Al\Z^K>^^\ZX\t~^6^mmmiD'DX\^^X^<l^n 
~^m:^^V. Nb, Ta, Ge. W, Mo (CJ; D«lfet)oTV^TSVi) 

mRa>9 o^mt^^^yt^^^v. ^^x. ^(Dmm^^^mmm^iivx. 
10 RU^^^mi^xsm.M.(Dmm\z^i>x. ^Mm^j&zsmwm^mz^\,^x. mm^ 
miz^^^x. 5.a.-i^rA. ^6iz\tmit>xMiEf3im^f)mmx^^\^^7f}-^r3i^mm 
\z^\i^^mmi^miz%mmx'&^^ii^<mmh-r^. m7^(Dmmih^<^i o^v^t 
n:fy^\zmm(Dm^^m(Dmi^x\tn^myt^mi^xm^>m'&^^^'r^'^um^ik 
Mmiz^mr^m^i^o 

15 

12. ^mxi^m(Dmyti^ii(Dm^i^x^yt^miz:$5\f:bmti.xmmv. mmm 
^mm(D~:km$^imhm^i^(Dmf)^^nm-^nrc.nMmt(Dm^^t)'i^\z^D m 
fei a(D^fe7t^^^-r^;i^^#i5[t-r^. 8f^it(DigHi70^^ i i^v^-rm^c 

20 mmr^m^i^o 

1 3. jseM^n§MiB^^g^7{)«, 3 0 0 nm^cD^^X^i^ h;i/MJ^Xf*3 8 0 

i^iitm<^iT^> if^©^ffli)i>6i 2 (Di^^-rn-^^ztmo^mytwrno^m^xitn 



1 4. LED^^*^e)lJ:l^$n§^{c:ao^viT®®$nTiii®^^:feS:l^f-r§^7^#: 
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3?.^iN'>*'> (IV) nmyy^^ym^. ^^i^ymm. ^-imm.-^jv^ 

5 mm-'!f)v^=-^Ammmv<UEu (in :sLn~:^iimMtvx(DUn (i 
I) fj^^u^m-^^^M^ttir^mmm^^rnvK-De o o nm^m^^>^^^ h;i/M 

10 15. LEDlH^i:, 

MiB LED t Mis^mfu i ^ — e<) {ci* jh-r ^ 3^ ^iift * wt- ^ i>f±^ t , 

Wf3LEDmT55^6J^t#$n^7tt:ia-^^^Tjai^$nTSfl^7t&Ml^b. t;u;^7 

<«Eu (II) ]5:^^-^^#M»jtbT(DMn (II) f}^^u^mt^^m\-intcm 

1 6. LED^>':/t. 

m^u. y)V^uTy^=^ymm.ti^^i^i$,^nrz.^%i^^. xyt-^y-^y (iv) 
H^r>=^=eymm.. ^^ym^. ^<mm.-'^}\^'7:=-^i>>mm.-Rn7)V2.ymm. 
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<\tEu (II) iRn~:kitmmiiVT(DUn (id ^^^t^^mt^^mitntcm 
1 7 . mmmA^mmt. 

10 (^cja, 

Me^tS. :fyJVi^^A (Ca) . Xhn>^'^«A (S r) , A*'Jt>A (Ba) , * 
(Cd) . mm (Zn) , -^UU-^A (Be) , (Mg) , 

:i~u\dOM. (Eu) , -T>;fj*> (Mn) , Xti>z^^A (Sc) . ^yhVOA 
(Y) . ^>d7> (La) , it^U-i^A (Sm) , :/^-fe:^>?A (Pr) , i^X:/ 
15 PS>r>A (Dy) . -xJUf^A (Tb) ^./^cC^i^*^ ^SlR^nj'c— ai?;^±057nm 

Me'^Ji, U^'i'A (Li) , ■:)-hU'>A (Na) , tlV^A (K) . ;i/HS^>i7 
A (Rb) . -trv'^A (Cs) t^iE>f3:^m-^^^m^^nTc—m^±<D7i:m-V^Ki. 

X (;^^^) :7>>m (F) . mm (CI). (Br) "d^^ta^mib^sm 
y = o~4-e$>t), 

0<a<l 6TfeO. 
0<b<6 
25 0^c^4TrSD. 

:RrXy>5^t> (Sb) /O^ A:h>?'!7A (V) , (Nb) , ^^r^^;!/ (T 

a) , U> (P) , (As) > 5^iS'> (T i) . >?;l.n-t>A (Z r) . A^^ 

n-^A (Hf) . (Si), y;i.V-':7A (Oe) , ^Vy^y^> (Mo) , 
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d^y^T.j-y (w) \^i:.x>-%%ifim.Wo^x^^^%^\^\^. iOi%^ti^t,^^mm 

5 

1 8. trlBj^S^^gU^, 05.^35^ 6 0 0 nm~6 7 0 ryT^(T>m-X^ 

10 

1 9. mW^^tW^m^. 5^6 0 0~7 0 0 nmCDii^feX^i^ h;i'mJSctC:feViT 
^Tfe^^^T/O^ X«f5 6 5 0-6 6 0 nm(7)^Vitf5t{b3^^^^T^>^'f4x'>:j[f 
> (IV) #^T>5^^>mM^^C?^7t^$#-r§il<^:^#^<ht--5, l»5f^©IB 

15 

2 0 . mumMm.^mt. —m.^ 

Me '.Me ' i i.^O^X^ : Mn , 

Me'«. Ca, Sr, Ba, Eu, Be, yi^'BOS^Zrvts^tbU^mti^^lk^-^t^ 

25 0^x^4TfeD. 
0^y^4T2feD> 
0^in^4-eafeO> 

O^z^O. 5T$.I9, 
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Ti«. Zr, Hf. Si, G e (CJ; §P^^75Wmt)oTV:>TJ:< J. 

^-gK^^O^'B {:^^m) . Al (T;V^-^7A) > Ga (:tf'J':7A) , In (-f > 

10 2 1. Mf3tg^fi^m§|5«, 

Me',Me^\Gei_^0,X^: Mn^ 

Me Hi, M^m«cD||2:I^Xmi3J^5{)^e>MJR$nfc— '(afigb<ti/ 
ROCH{ffi©^SMm;i/XtiEu, Pr, Sm, Gd, D y;*^6;^^i^;6^63U^$ 

0<x^ 2 STcSD, 
20 0^y^l4TafeO. 
0^m^2 OTafeO, 

o^a<i-e*o, 

0<z^4 

S:D?Ge^i, Si, Zr, T i tcj; t)^^(CX«-§|5^7^)^^BM:b^TV^T J; < SiD?/ 
25 X^i— glS^i'T&^'B, AK Ga, $&(CfriS:/cP, V, Nb, Ta, W. MotCJ:^ 

■r«$n^5^fe^^v>:^/> (IV) H^^-^mm.-y)]^'^=i^Ammx\tn^- 
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2 2. wif^^-m^mmt. 5 8 8 nm~6 1 0 nuKDJt^m^^X^^ hJV^mT 
5 /-^^Xo 

Me '^Me ^ 'yA 1 „0„ : Mn 
Eu. Pr. Sm, Gd, Dy, C e 55^e>/^j:^p7(>^6M^Sn;^— a£j^_b(D^ >^ 

o^x^8-eabD> 

0<m^ 1 6T2bO, 
0<n^2 77?^0. 
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